Zeranol implants were administered to 250 crossbred heifer calves at 1, 6 or 9 mo of age to evaluate growth, reproduction and calving performance. Heifers were assigned to eight treatment groups with 25 animals per group. Two additional groups of 25 heifers each were used to study the effects of multiple implants at two levels of nutrition on heifer performance. Implants at 1 mo of age (branding) increased heifer weights at 6 mo of age (weaning) by 5 kg (P=.O8). Heifers receiving a combination of two implants gained faster (P<.05) from weaning to breeding (6 to 13 mo) than controls or heifers implanted three times. Implants at either 6 or 9 mo increased (P<.05) precalving pelvic areas (247 vs 241 cm 2 and 248 vs 240 cm 2 over controls, respectively). Implants did not affect the percent of heifers reaching puberty prior to breeding season. Conception rates in 62 d of breeding were comparable for implanted and control heifers (93 vs 96%), with the exception of heifers receiving implants at both 1 and 6 mo of age (56%). Calf birth weight, dystocia score, cow rebreeding rate and calf weaning weight were not affected by implant treatments. Heifers that received three implants and were fed at a high nutritional level (gained .62 vs .49 kg/d for regular level after weaning) tended (P>.10) to reach puberty at a higher rate prior to breeding and to have a higher total conception rate than implanted heifers on the regular nutrition level.
Proper development of replacement heifers is an important part of improving herd productivity. Heifers should grow rapidly, reach puberty early and conceive early in a short breeding season for high productivity. Heifers should also develop sufficiently in skeletal structure to reduce dystocia when calved as 2-yr-olds. Dziuk and Bellows (1983) reported in a review that a disproportion between the size of the cow's pelvic opening and the size (weight) of the calf at birth is the primary cause of dystocia. Growth-promoting implants are utilized extensively in steer calves at branding and(or) at weaning to increase growth rate. However, implants are not generally used in heifer calves because of possible detrimental effects on subsequent fertility. Limited research indicates that implants given at birth may reduce yearling conception rates, but implants given later have produced variable results (Nelson et al., 1972; Sprott et al., 1979; Staigmiller et al., 1983) . Implants have not been approved for use in breeding cattle by the Food and Drug Administration. Since the decision to retain a heifer for breeding purposes is often not made until weaning or even yearling age, implanting all heifers prior to this time would be beneficial if reproductive functions are not impaired.
This study was designed to determine the effects of a growth promotant, zeranol s, implanted at three ages in heifer calves on subsequent growth, pelvic size, puberty, conception and calving performance. A second objective was to evaluate the effects of multiple implants and their interactions at two nutritional levels on heifer performance. 
bGroups 9 and 10 were separated from the other groups after weaning (7 mo) and fed at a higher nutritional level until moved to pasture May 22.
Materials and Methods
Two-hundred-fifty March-born crossbred heifer calves (Simmental x Angus • Hereford) were randomly assigned according to age at branding to 10 treatment groups with 25 heifers per group. Eight treatment combinations with either an implant administered or no implant at three implantation times were evaluated (table 1) . Treatment groups 9 and 10 were added to evaluate the interaction of a higher nutritional level with multiple implants during the interval from weaning to breeding. Heifers were implanted with 36 mg of zeranol at branding (1 mo of age), and(or) weaning (6 mo of age), and(or) 90 d after weaning (9 mo of age). All heifers were weighed after a 12-h shrink at each implantation time.
Heifer calves and their dams were managed together on irrigated and native pastures on a cooperating ranch until weaning on September 29. The heifers were weighed, implanted and then transported to the North Platte Research and Extension Center. Heifers were fed a growing ration consisting of corn silage , alfalfa hay (IFN 1--00-063) and a free-choice mineral-salt mixture in drylot. Heifers in treatment groups 9 and 10 were separated from the other heifers 30 d after weaning and group-fed the same ration at a higher intake level to achieve a faster rate of gain. Heifers in treatment groups 1 through 8 were fed as one group. On May 22, all heifers were moved to native pastures and managed together for summer grazing.
During the growing period, heifers were visually observed daily for behavioral estrus.
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Estrus detection was aided by use of androgenized steers with chin-ball markers. Onset of puberty was defined as behavioral estrus followed by formation of a palpatable corpus luteum and continuation of regular estrous cycles. Heifers were artificially inseminated (AI) to one Angus sire beginning May 1 for 21 d. Angus clean-up bulls were used for 41 d subsequent to the AI period. Heifers were palpated for pregnancy within 60 d after the end of the breeding season. Non-pregnant heifers were then ovariectomized to examine ovaries for abnormalities and removed from the study. Breeding, palpation and calving records were used to determine conception date.
Pelvic area measurements and body weights were obtained before the breeding season (April), in the fall (October) and before the calving season (January). Internal pelvic measurements were taken with a KrautmannLitton Bovine Pelvic Meter 6.
Hip-height measurements and body condition scores were taken at the beginning of the winter feeding period (October), before the breeding season (April) and before the calving season (January). Body condition was scored by the same individual each time on a scale of 1 to 9, with 1 being extremely thin and 9 being extremely fat. Udder development was scored at the start of the feeding period (October), at third implantation time (December), before breeding season (April) and in the fall (October). Udders were scored using a system of: 1) normal development, 2) slight teat elongation, 3) moderate teat elongation and some udder development and 4) extreme teat and udder development.
Heifers were fed a ration consisting primarily of corn silage and alfalfa hay before and after calving to meet 100% NRC nutrient require-ments. At calving, heifers were scored for dystocia using a system of: 1) no assistance, 2) hand assistance, 3) puller needed, 4) hard pull with puller, 5) Caesarean and 6) abnormal presentation. Calf birth weight and vigor score were also obtained. Calf vigor was scored using a system of: 1) nursed within 30 min of birth, 2) nursed within 30 to 60 min of birth and 3) did not nurse within 60 min and needed assistance. In the spring, the 2-yr-old cows and their calves were returned to the cooperating ranch and managed as a group on irrigated pasture. Cows were exposed to bulls for a 60-d breeding season and palpated for pregnancy in the fall. At weaning calves were separated from their dams and weighed after a 6-h shrink.
The data were analyzed by the least-squares procedure using General Linear Models (GLM) of the Statistical Analysis System (SAS, 1982) . Three analyses were used for treatment groups 1 through 8. Analysis I evaluated effects of the l-too implant vs no implant for the traits measured before the 6-mo implant. Analysis 1I evaluated traits measured after the 6-too implant and before the 9-mo implant and compared no implants vs 1-mo implant and 6-too implant and the interaction of l-too and 6-mo implants. Analysis Ill evaluated traits after the 9-too implant and compared no implants vs l-too implant, 6-mo implant, and 9-too implant and all the two-and three-factor interactions. Puberty and conception rates were tested for significance by chi-square analysis (Steel and Torrie, 1960) . A separate leastsquares analysis was performed on treatment groups 7, 8, 9 and 10 to evaluate the effects of multiple implants and their interactions at two nutrition levels. A split-plot analysis with nutritional level as the whole plots and implants as the subplots was conducted. Since nutritional levels were pen-fed, no replication of nutrition levels existed. Therefore, only effects of implants and implant x nutrition interactions were tested using the appropriate error term.
R esu Its and D iscussion
Growth Traits. Early-growth-trait leastsquares means, standard errors and significant levels for groups implanted at 1 and 6 mo are shown in table 2. Data were categorized by treatment effects. Heifers implanted at branding (1 too) were 5 kg heavier at weaning (P=.08) than control heifers. Weight loss during 161-km transport of heifers after weaning was similar to those implanted at weaning and for the control group. These results do not support the theory that zeranol may reduce shipping shrink and stress at weaning; they tend to agree with results reported by Mader et al. (1985) on contemporary steers that were transported 640 kin. A larger difference than .8 kg may have occurred if heifers had been transported further. Heifers implanted at 1 mo were heavier at 7 mo (P=.03) and had a higher body condition score (P=.01) than the non-implanted heifers. However, by 9 mo no differences existed in weight or body condition scores.
More teat development was observed at 7 and 9 mo of age in heifers implanted at 1 or 6 mo of age (P=.01) than in control heifers. By the breeding season, 20 to 30% of the heifers that had received one implant showed increased teat and udder development. In groups that received two consecutive implants, 40 to 50% of the heifers showed increased teat development by the breeding season. However, by fall no differences (P>.10)were observed between the implanted and control heifers. This early mammary development apparently did not adversely affect milk production after calving because calf weaning weights were not different (P>.05) between the implanted and control groups.
Effects of implanting heifers at 1, 6 and 9 mo of age on growth traits from breeding to calving are shown in table 3. Data are reported by treatment effects. Due to significant interactions between implant times, individual treatment means for selected traits are shown in table 4. No significant differences were found in prebreeding heifer weights for the three implant times; however, an interaction (P<.05) existed between the groups of heifers which received implants at 6 and 9 mo of age. Heifers that received the implants at 1 and 9 mo of age (treatment 3) were 22 and 20 kg heavier (P<.05) than the control heifers (treatment 8) and the heifers receiving implants at 1 mo of age (treatment 2), respectively. Heifers receiving all three implants (treatment 7) did not gain as rapidly (.49 kg/d) from weaning to breeding as heifers that received implants at 6 and 9 mo of age (treatment 5), at 1 and 9 mo of age (treatment 3) or at 1 and 6 mo of age (treatment 1, .55 kg/d). These results are similar to those of Staigmiller et al. (1983) , who reported that heifers implanted at 8 and 11 mo of age gained .10 kg/d faster than control heifers. No differences were detected in 
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o . "~ '~ pre-breeding hip height or body condition score among the treatment groups. No difference in pre-calving weights were observed between the treatment groups but the heavier pre-breeding groups tended to be heavier (P>.05) at calving. Pre-calving hip height was not different (P>.05) among the treatment groups, but a significant three-way interaction resulted.
Pelvic Size. Implantation at 6 mo of age increased (P<.01) pre-breeding pelvic area by 7 cm ~ , fall pelvic area by 8 cm ~ and pre-calving area by 6 cm ~ compared with controls (table  3) . The implant at 9 mo of age increased (P<.01) pre-calving pelvic area by 8 cm 2 (248 vs 240 cm 2 in controls). The combination of implants at-6 and 9 mo (treatment 5) and 1, 6 and 9 mo of age (treatment 7) increased precalving pelvic area by 12 and 10 cm 2, respectively, over controls (table 4). Since the pelvic area was adjusted for body weight, results indicate that skeletal pelvic size grew more rapidly than soft tissue when stimulated with zeranol. These results are in agreement with Staigmiller et al. (1983) , who found that heifers implanted at 8 and 11 mo of age had an increase in fall (off pasture) pelvic area of 16 and 8 cm 2 over controls in two trials. Ellington et al. (1978) and Anthony et al. (1981) also reported that zeranol increased pelvic area in heifer calves and pregnant yearling heifers. Staigmiller et al. (1983) speculated that the difference in response to zeranol between pelvic area and hip height may be due to subtle differences in either the vertical or horizontal dimension of pelvic size, because they are multiplicative in calculating pelvic area, compared with linear height measurement. In the present study an increase (P<.05) in pelvic height for the heifers implanted at 6 or 9 mo of age occurred at all measurement periods, but no significant increase in pelvic width was detected. This indicates more growth in the length of the illea shafts than in the width between them.
Reproductive Traits. Least-squares means and percentages for reproductive traits are shown in table 5. Significant interactions were found between implant times, so data are shown by treatment groups. Implanted heifers exhibited a greater (P<.05) incidence of nonovulatory estrus (behavioral estrus without palpatable corpus luteum) than controls. Heifers receiving two or three implants showed more non-ovulatory estrous periods than heifers receiving a single implant at 1 mo of age (treatment 2). The average number of non-ovulatory estrous periods per heifer tended to follow the same pattern as the non-ovulatory estrus percentages. These non-ovulatory estrous periods occurred generally within 3 mo after implantation.
Much variation existed in estimated day of puberty within treatment groups. Heifers receiving the implant at 6 mo of age (treatment 4) reached puberty later (P<.05) than the control heifers (treatment 8), with other groups intermediate. However, by the beginning of the breeding season on May 1, a high percentage of heifers in all groups had reached puberty (76 to 92%), with no differences (P>.10) among groups. Staigmiller et al. (1983) reported that neither age nor weight at puberty were affected by zeranol treatment. Heifers in the present study were 13 mo of age and had reached recommended breeding weights; therefore, the zeranol implants did not reduce the percent of estrual heifers by the beginning of the breeding season.
Percentage of heifers conceiving during the first 21 d of breeding tended to be higher (P<.10) for treatments 2, 6 and 8 than treatment 1. Total conception in 62 d was similar among all implant groups compared with controls (93 vs 96%) except that heifers receiving implants at both 1 and 6 mo (treatment 1) had a lower conception rate (P< 9 of 56% 9 Heifers receiving three implants (treatment 7) had a lower (P<.05) conception rate (84%) than heifers receiving only the implant at 9 mo of age (treatment 6, 100%). No differences were found in average conception date among the treatments, indicating no delay in conception due to zeranol treatments. These results agree with work of Staigmiller et al. (1983) in which heifers were implanted at both 8 and 11 mo of age and with Sprott et al. (1979) , who implanted heifers at 40 and 110 d of age. Results disagree with Nelson et al. (1972) , who reported a decrease in conception of heifers implanted at 6 mo of age. We speculate that nutritional level before breeding and heifer weight at breeding have significant effects on conception rates of implanted heifers. However, results from this study indicate that heifers implanted at both 1 and 6 mo of age may have impaired fertility.
Examination of the ovaries from nonpregnant heifers revealed 6 of 11 heifers in treatment 1 (1-and 6-mo implants) had a cystic corpus luteum, while none was found in heifers receiving only one implant or no implants (treatments 2, 4, 6 or 8). In the treatments receiving two or three implants, about 40% of the non-pregnant heifers had a cystic corpus luteum. This abnormality has also been called a luteinized follicle and may occur in about 2% of the cow population. The cause of this condition is not certain, but it is associated with anestrus (Salisbury et al., 1978) . Least-squares means and standard errors for the calf traits by implant time are shown in table 6. Data were categorized by treatment effects. Calf birth weight was reduced (P<.05) by the implant at 1 mo of age, however; a significant interaction was found between the implants at 1 and 9 mo of age. Calf birth weights were 30.7 kg for non-implant heifers, 30.9 kg for heifers implanted at 1 mo only, 32.4 kg for heifers implanted once at 9 mo, and 29.8 for heifers implanted at both 1 and 9 mo of age. The heifers receiving three implants (treatment 7) and the heifers implanted at 1 and 9 mo of age (treatment 3) tended to have calves with the smallest birth weights. No treatment effects were detected for dystocia score. Heifers implanted at 6 mo of age had calves with more favorable vigor score (P<.05); however, a significant interaction was found between the groups implanted at 1 and 6 mo of age. Calf vigor scores were 1.4 for nonimplanted heifers, 1.8 for heifers implanted at 1 mo only, 1.4 for heifers implanted at 6 mo only and 1.2 for heifers implanted at both 1 and 6 mo of age. A 3% calf death loss was experienced, with losses distributed equally among treatments. Calf weaning weights were obtained at approximately 6 mo of age and no significant treatment effects were detected. These results indicate that zeranol implants did not have an adverse effect on milk production as reflected by calf weaning weights. Cow rebreeding rates also were not influenced by implant treatment.
Multiple Implants and Nutrition. The effects of multiple implants (three vs none) at two nutritional levels on heifer performance were also studied. The least-squares means, standard errors and significance levels for growth and pelvic size traits are shown in table 7. The heifers on the high level gained .11 kg/d more than those on the regular level during the period from weaning to breeding. Multiple implants increased (P=.04) heifer pre-breeding weights and tended to increase gain from weaning to breeding. Implants increased precalving weights but differences were not significant (P>.lS). Pre-calving hip heights were decreased (P=.01) by implants. The reasons for this result are unknown.
Multiple implants increased (P=.01) teat and udder development of heifers at 7 and 9 mo of age and at pre-breeding, but no differences were detected by fall. No adverse effects were observed due to this condition.
Multiple implants increased (P=.01) pelvic area at pre-breeding through pre-calving. However, a significant interaction existed in heifers at 18 mo of age, indicating a nutrition influence. Pelvic area was significantly larger for implanted heifers after adjustment for body weight. Implants increased pelvic area by 10 to 17 cm ~ by pre-calving. Larger pelvic area may have tended to reduce the percent dystocia from 28% in controls to 13% in the implanted heifers, although this difference was not significant. These results indicate that implants increased pelvic growth significantly more than body weight, but increased nutritional level did not seem to influence pelvic size except in 18-mo-old heifers.
The effects of implants at two nutritional levels on reproduction and calf traits are presented in table 8. Implants increased (P<.05) the incidence and number of nonovulatory estrous periods. Implants did not affect date of puberty, percent reaching puberty by May 1, conception at 21 or 62 d of the breeding season, or conception date. However, a trend did exist (P>.10) for implanted heifers on the high nutritional level (treatment 9) to have an earlier puberty date, higher percent reaching puberty by May 1 and higher total conception rate than implanted heifers on the regular nutritional level (treatment 7). These results support the theory that increased nutrition will overcome the adverse effects of multiple implants on fertility (Staigmiller et al., 1983) . Muncy et al. (1979) reported multiple implants reduced yearling pregnancy rates from 46% in controls to 4% in light-weight (238 kg) implanted Hereford heifers. However, Fuller et al. (1980) found pregnancy rates were 19 percentage points lower for heavy-weight crossbred heifers (346 kg) that had received multiple implants.
Calf birth weight tended to be heavier for the heifers fed the high nutritional level, but implants had no effect. Implants did not have a significant effect on dystocia score, calf vigor score or calf weaning weight. These results indicate that multiple implants did not have a detrimental effect on reproduction or calf traits.
In conclusion, zeranol implants increased heifer weights at weaning (6 rod) and increased gain pre-breeding. Implants at 6 or 9 mo of age stimulated significant growth in pelvic area from pre-breeding to pre-calving. Over 80% of all implanted heifers reached puberty before the breeding season; conception rates were similar to control heifers, except when heifers received implants at both 1 and 6 mo of age. Calving performance was not affected by implants. Three implants tended to delay puberty and lower conception rates, but a high level of nutrition tended to overcome this effect.
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